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- decrease to a magnitude whereat the current relay will

" SINGLE PHASE, TWO POLE A.C. RESISTANCE
SPLIT-PHASE UNIDIRECTIONAL INDUCTION
' MOTOR

~ BACKGROUND OF THE INVENTION

This invention relates to a single phase, two pole A.C.
split-phase unidirectional induction motor of the resis-
tance split-phase type.

Single phase induction motors have custemarlly been 10

designed and utilized for fractional horsepower appli-
cation and have generally been classified in accordance
with the methods of starting. Several types of single
phase induction motors include split-phase ‘motors,
capacitor start-induction run motors, permanent split 15
capacitor motors, two value capac:tcr motors and
shaded pole motors, for example. |

- The capacltor type motors generally employ a capac-
itor in series with the starting winding to provide a
phase displacement of currents in the starting and run- 20
ning windings to produce starting torques. Such capaci-
tors in some applications are permanently connected to
the winding construction while other motors selectively
remove such starting capacitors by either a speed re-
sponsive switch or a current responsive relay. Some 29
single phase mductlcn motors which have employed
capacitors within their starting field wmdmg have em-
ployed non-quadrature windings in which the starting
field winding has been displaced out of quadrature with
the main field winding in a direction opposne to the 39
direction of rotor rotation.- - e
- Many prior resistance split-phase -induction motors
have employed starting windings wound to have a
‘higher resistance than the main windings. and fre-.

quently. provide additional resistance connected in 35

~ series therewith so-that the difference in resistance of
the respective main and starting winding circuits pro-
vides the requisite phase displacement for providing
starting torque to the motor. Certain types of resistance

split-phase’ conistructions have employed centrifugal 40

switches for sensing the rotor speed to disconnect the
starting winding: in response to the rotor reaching a
predetermined speed. Such disconnection of the start-
ing winding by a centrifugal switch ensures that the
heating of the starting winding does not become exces- 4>
- sive by the motor operating to higher speeds. - |
~ Other resistance split-phase motors and particularly
 those which are hermetically sealed in a compressor
- hve employed a current relay which responds to the
current flowing through the main winding to selectively >0
disconnect the starting winding from the energlzmg
source ‘in' response to,a ‘sensed predetermined main
winding current. With all of the. coils of the starting
| wmdmg wound in the forward or same direction and
spaced in quadrature from the main winding coils, in. 33
such a resistance split-phase motor, the main wmdmg |
current, necessary to actuate the sensing relay for dis-
connecting the starting winding, generally requires the
~ motor to attain an excessive speed and consequent low
‘torque thereby resulting in an excessive heat buildup ©0
within the starting windings. The resistance.of such:a
‘starting ‘winding could be increased in an attempt to
reduce the heating thereof by adding additional for-
‘ward turns to the starting winding. Such added forward

turns, however, increases the reactance thereof which 65
- than the first current, at a second predetermined speed

increases the main winding current with respect to the
rotor speed so that the motor must accelerate to an
excessive speed before the main winding current will

~ disconnect the starting winding. Thus, added forward

turns only to a quadrature type starting winding In-
creases the heating problems in the starting winding.
Such an excessive heat buildup may, in fact, burn out

- or short the starting wmdmg thereby rendering the

motor inoperative and, in any event, the startlng wind-
ing would be disconnected while the motor is providing
a substantially lower torque output.

The heating problems of the generally smaller diame-
ter wire in the starting windings used in resistance split-.
phase induction motors, having quadrature windings,

‘have been substantially reduced by employing a num-

ber of reverse or back turns within the starting winding
which have increased the resistance thereof to reduce
the heating rate while also decreasing the mutual reac-
tance with the main winding to ensure that the current

relay disconnects the starting winding at the proper
speed and torque level. Additional forward turns have

to be employed with the reverse turns in the starting

winding of such motors and frequently equal the num-
ber of reverse turns to maintain the desirable torque
output of the motor while maintaining the heating rate
of the starting winding within tolerable limits by discon-
necting the starting winding at the proper speed and
torque level. |

While the employment of reverse or back turns and
ccrrespondmgly added forward turns to the startmg
winding 1n quadrature type resistance split-phase in-
duction motors has provlded a desirable commerical

‘motor, such structure requires the employment of large

amounts of additional wire together with' additional

time consuming steps of fabrlcatlon thus 1 1ncreasmg the

cost of each mctcr

SUMMARY OF THE INVENTION

This invention relates to a single phase, two pole A.C.
split-phase unidirectional induction motor of the resis-
tance split-phase type. o

‘The invention provides a highly desirable induction
motor of the resistance split-phase type in which a

‘major portion of the forward turns and the reverse or

back turns of wire employed within the starting winding
of prior motors have been eliminated while maintaining
the heating thereof and the torque at relay drop out

'within desirable limitations.

Specifically, a stator core assembly prewdes a plural-
ity of circumferentially spaced coil receiving slots com-
municating with a substantially cylindrical bore
adapted to rotatably receive a rotor which selectively

rotates in a predetermined direction, hereafter referred

to as the first direction. The main winding includes a
plurahty of colils located within certain stator slots and
are spaced on opposite sides of the bore to form a pair
of main winding electrical poles forming a main field
axis. A starting winding includes a. plurality of coils

located within certain stator slots and are spaced on

cpposﬂe sides of the bore to form a pair of startmg
winding electrical poles forming a startmg field axis

spaced out of quadrature from the main field axis. Each
of the starting winding poles is spaced from each of the

main winding poles by less than 90 physical degrees, in

the first direction, to provide a first predetermined
‘main winding current at a first predetermined speed

and a second predetermined main winding current, less

and torque. A current relay is connected to a source of

single phase A.C. electrical power and to the main
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winding to sense the main wmdmg current. A pair of
‘contacts, assoclated with and controlled by the relay,
connects the source to the startmg winding and selec-
tively transfers such contacts to a closed condition in
response to the relay sensing the first predetermined
main winding current to supply energizing power to the
starting winding. The pair of contacts are selectively
transferred to an open condition in response to the
relay sensing the second predetermmed main winding
- current to disconnect the starting winding from the
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power source at the second predetermined speed and

torque to maintain the heating of the starting winding
within a predetermined temperature while the pair of
contacts remain 1n the closed condition.

A highly desirable single phase resistance sphit-phase
type induction motor is thus provided in which back
- turns (or the like) and a major portion of equal number
of forward turns, used in the starting winding of the
prior art, have been eliminated, resulting in great sav-
Ings in the quantity of wire used in the starting winding.
While it is true that the theory of using non-quadrature
windings has long been known as evidenced by the
articles of W. V. Lyon and C. Kingsley, Jr., Analysis of
Unsymmetrical Machines, May 1936 Electrical Engi-
neering, pages 471-76; A. F. Puchstein and T. C.
Lloyd, Capacitor Motors With Windings Not In Quad-
rature, November 1935 Electrical Engineering, pages
1235-39; S. S. L. Chang, Equivalence Theorems, Anal-
ysis, and Synthesis of Single-Phase Induction Motors
With Multiple Nonquadrature Windings, October 1956

'AlEE, pages 913-16; it is not believed that anyone has
- provided a successful resistance split-phase motor

which has solved the heating problems of the starting
winding by using a current relay in the manner de-
scribed above. - |

In a preferred constructlon of the mvenuon the in-
duction motor employs four coils per pole within the
starting winding and five coils per pole within the main
winding, the former being spaced from each of the
main winding coils by less than ninety physical degrees
In the first direction. Specifically, the starting winding
is placed in first predetermined stator slots each spaced
by a predetermined number of stator slots in the first
direction from second predetermined stator slots
adapted to contain cmls in quadrature with the mam
winding.

The highly desirable use of the current relay Opera-
tively transfers the associated pair of contacts from the
closed to the open condition in response to the prede-
‘termined main winding current to accurately and uni-
formly disconnect the starting winding when the motor
reaches the second predetermined speed whereat the
motor torque 1s at an appreciable magnitude. Such
disconnection of the starting wmdmg from the power
source effectively prevents overheating within the
starting winding even though a substantially small or
- reduced quantity of wire is used in the starting winding.

The invention thus provides a highly desirable and
economical single phase A.C. resistance split-phase
unidirectional induction motor which may be utilized
in any one of a number of motor applications and is
particularly desirable for use within a hermetic motor
commonly employed in hermetically sealed compres-
sors or the like in which the heatmg of the startmg
winding is a critical factor.
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- BRIEF DESCRIPTION OF THE DRAWINGS

The drawings furnished herewith illustrate the best
mode - presently contemplated by the inventor and ~
clearly disclose the above advantages and features as
well as others which will be readily understood from
the detailed description thereof.

In the drawings:

FIG. 1 1s an electrical schematic illustrating the em-
ployment of a current sensitive relay with a two pole
split-phase A.C. motor;

F1G. 2 is a diagrammatic illustration showing a cross
section of a stator core assembly illustrating the non-
quadrature placement of the starting windings with
respect to the main field windings within the motor of
FIG. 1;

FIG. 3 1s a graphical illustration showing the current
and torque characteristics as a function of speed for the
A.C. motor of FIGS. 1 and 2; and

F1G. 4 is a graphical 1llustrat10n showing the current
and torque characteristics of a split-phase induction
motor having an all forward turn starting winding
spaced in quadrature with the main winding, which
does not employ applicant’s invention.

DESCRIPTION OF THE PREFERRED
ILLUSTRATED EMBODIMENT

~ Referring to the drawings and particularly FIG. 1, a
two pole split-phase A.C. induction motor 1 is diagram-
matically illustrated in an electrical circuit illustration
and includes a main field winding generally shown at 2

‘having input leads 3 and 4 and a starting field winding

generally shown at § having the input leads 6 and 7.
A current relay is generally shown at 8 and includes
a solenoid coil 9 and a steel armature 10 which slides
on a nylon guide bushing (not shown) centered in the
solenoid coil field. The armature 10 mounts a bridging
type contact arm 11 containing a pair of contacts 12
and 13. A fixed contact 14 is spaced from the contact
12 with the coil 9 de-energized while a fixed contact 15
18 spaced from the contact 13 under similar circum-

stances. The solenoid coil 9 is connected to an energiz-

ing input lead 16 and to the main field wmdmg 2
through the input lead 3. The fixed contact 14 is also
connected to the input lead 16 while the fixed contact
15 1s connected to the starting winding 5 through the
1nput lead 6. The output lead 4 of the main field wind-
ing 2 and the output lead 7 of the starting field winding
S are joined as at 17 and connected to an input lead 18.

In operation, the contacts 12 and 13 are normally in
an open condition and spaced from the associated
contacts 14 and 15 while the coil 9 continually remains

- series connected with the main field winding 2. A single

35
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phase A.C. voltage source is selectively connected to
the input leads 16 and 18 to initiate a motor starting
sequence by supplying energizing current to the main
field winding 2 through the solenoid coil 9. The coil 9
initially experiences a heavy current (the main winding
current) and provides a substantial magnetic field
which raises the armature 10 to close the contacts 12 —
14 and 13 - 18 to complete an energizing circuit from

‘the source leads 16 and 18 to the starting winding 5.

Due to phase displaced currents flowing through the
two windings, the motor rotor (not shown) starts rotat-
ing and accelerating.

As the motor 1 increases in speed, the current in the

main winding 2, and thus the current passing through

the solenoid coil 9, decreases until reaching a predeter-
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mined magnitude at which point the weight of the ar-
mature 10 overcomes the lifting force provided by the
current flow through the solenoid 9, thereby opening
" the contacts 12 - 14 and 13 - 15 to disconnect the
~ starting field winding § from the energizing power
source lead 16. ,

A stator core assembly 19 1s illustrated in FIG. 2 and
includes a plurality of stacked and secured laminations

- of about one and one-half inch in thickness having a_

centrally located circumferential bore 20. A rotor ele-
ment (not shown) is mounted within the bore 20 for
selective rotation in a first direction such as illustrated
by the arrow 21 in FIG. 2. The core 19 also includes a
plurality of circumferentially spaced winding slots com-
municating with the central bore 20 and adapted to
recelve winding coils constituting the main and starting
windings 2 and S as more fully described hereinafter.
Specifically, 24 stator slots are circumferentially
spaced about the stator bore 20 and are specifically
designated as S1 through S24, inclusive. The coil place-
ment, within the slots S1 through S24, is diagrammati-
cally illustrated in FIG. 2 by a plurality of circles which
represent a plurality of wires making up a coil.

- The main winding 2 1s wound and placed in the stator
slots to form two diametrically opposed poles such as at
22 and 23 which are aligned on the axis shown by the

10
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“dashed line 24. Each pole 22 and 23 contains five coils

placed in certain slots which are series connected with
adjacent main winding coils. Specifically, a first main
winding coil 25 i1s wound with 17 turns in a forward
direction and placed within the stator slots S4 and S1
~and is connected to the return lead 18 at the stator slot
S4. A second main winding coil 26 is forward wound
with 22 turns and placed within the stator slots S5 and
'S$24 and is serially connected with the coil 25. A third
main winding coil 27 is forward wound with 29 turns
and placed within the stator slots S6 and S23 and is
‘connected in series with the coil 26. A fourth main
winding coil 28 is forward wound with 34 turns and
placed within the stator slots S7 and S22 and is con-
nected in series with the coil 27. A fifth main winding
coil 29 is forward wound with 39 turns and placed
within the stator slots S8 and $21 and is connected in
series with the coil 28. The main winding coils 25
through 29 form the pole 22 for the main winding 2.

~ The oppositely disposed main winding pole 23 in-
cludes a first coil 30 forward wound with 17 turns and
placed within the stator slots S16 and S13 and 1s con-
nected to the mput lead 3 at the stator slot S16. A
second coil 31 is forward wound with 22 turns and
placed within the stator slots S17 and S12 and is con-
nected in series with the coil 30. A third main winding
coil 32 is forward wound with 29 turns and placed
within the stator slots S18 and S11 and is connected 1n

series with the coil 31. A fourth main winding coil 33 1s -

forward wound with 34 turns and placed within the
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slots S22 and S16 with the coil 38 at slot S22 connected

to the input lead 6. A second coil 39 is wound in the
forward direction with 27 turns and placed in the stator
slots S23 and S15 and is connected in series with the
coil 38. A third starting coil 40 is wound in a forward
direction with 37 turns and placed within the stator
slots S24 and S14 and is connected in series with the
coil 39. A fourth starting coil 41 1s wound in a forward
direction with 17 turns and placed within the stator
slots S1 and S13 and is serially connected with the coil
40. The starting cotils 38 through 41, inclusive, form the:
first pole 35 of the starting winding 5. |

The pole 36 of the starting winding S includes a first
coil 42 wound 1n a forward direction with 18 turns and
placed within the stator slots S10 and S4 with the coil
42 at the slot S10 connected to the return lead 18. A
second coil 43 is wound in the forward direction with
27 turns and placed within the stator slots S11 and S3
and 1s connected in series with the coil 42. A third

starting coil 44 1s wound in the forward direction with
37 turns and placed within the stator slots S12 and S2

and is connected in series with the coil 43. A fourth
starting coil 45 1s wound in the forward direction with
17 turns and placed within the stator slots S13 and S1
and i1s connected 1n series with the coil 44. The coil 45
at the slot S1 is connected in series with the coil 41 of
the opposite pole 35 at the stator slot S13. It is noted
that the slots S1 and S13 contain both of the starting
colls 41 and 48.

- The main winding 2 thus includes a series connected
circuit including the input lead 3, the coils 25, 26, 27,
28 and 29 within the first main winding pole 22 and the
coils 34, 33, 32, 31 and 30 within the second main
winding pole 23 with a return path provided through
the lead 18. In like manner, the starting winding 5
includes a series connected circuit including the lead 6,
the coils 38, 39, 46 and 41 of the first starting winding
pole 35 and the coils 45, 44, 43 and 42 of the second
starting winding pole 36 with a return connection pro-
vided through the lead 18. The series connected main
winding 2, in this preferred embodiment, is formed

from an alummum wire having a diameter of 0.048

inches and provides a main winding resistance of 2.080
ohms when formed with the number of turns as above
described. The series connected starting winding 5, in
this preferred embodiment, is formed from an alumi-
num wire having a diameter of 0.0253 inches and pro-
vides a starting winding resistance of 5.40 ohms when
formed with the number of turns as above described.
It is noted that the pole axis 37 for the starting wind-
ing 5 1s shifted out of 90° spaced quadrature toward the

- pole axis 24 for the main winding 2 in the direction 21

55

~ stator slots S19 and S10 and is connected in series with

the coil 32. A fifth main winding coil 34 is forward
‘wound with 39 turns and placed within the stator slots
S20 and S9. The coil 34 at the stator slot S9 is con-

'nected in series with the coil 29 at the stator slot S21.

 The starting winding 5 also is wound and placed
within certain stator slots in a highly novel manner to
- form a pair of diametrically opposed poles such as at 35
~and 36 which are aligned on the axis shown by the
‘dashed line 37. Specifically, the pole 35 of the starting
winding ‘5 includes a first coil 38 wound in a forward
direction with 18 turns and placed within the stator

60

of rotor rotation by an angle so that 8 s is less than 90°.
The predetermined shifting of each of the forward
wound starting coils 38 through 45, inclusive, out of .
spaced quadrature and toward the main winding coils
25 through 34, inclusive, in the direction 21 of rotor
rotation functions with the current relay 8 to provide a

‘highly desirable disconnection of the starting winding 5

from the power source lead 16 when the motor 1 has '

- reached a predetermined speed and torque level. Such

65

desirable disconnection is provided without the use of

back-turns in the starting winding as provided by vari-

ous prior single phase fractional horsepower motors.

‘The elimination of the back winding or reverse winding

turns is also accompanied by elimination of added for-
ward turns, for the starting winding, which have been
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employed 1n prior art, to provide the requisite field for
the motor 1.

The advantages of applicant’s invention is more
clearly illustrated with reference to FIG. 3 which illus-
trates graphically, a torque curve 46 and a main wind-
Ing current curve 47 with the current represented in
amperes (AMPS.) and the torque in ounce-feet (OZ.-
FT.)1n the abscissa axis and the speed of rotation of the
rotor, represented in revolutions per minute (R.P.M.),
in the ordinate axis. In one form of applicant’s inven-
tion, the current relay 8 has a 12.9 maximum pick-up
amperes rating required for closure of the contacts 12
— 14 and 13 - 15 and a 10.8 minimum dropout amperes
rating required to open the contacts 12 — 14 and 13 -
15. The relay 8 could constitute a current type
- KLIXON motor starting relay designated as 9660-171
and manufactured by the Texas Instruments, Inc.

‘The graphical illustrations shown in FIG. 3 were
- prepared using an x-y plotter on a torque table from a
test of an electric motor such as at 1 in which the coils
making up the starting winding 5§ were all forward
wound and placed in non-quadrature stator slots by
shifting the starting winding toward the coils of the
main winding by 1 % stator slots in the direction of

rotor rotation with respect to the stator slots adapted to.

hold spaced quadrature starting coils. The tested motor
for FIG. 3 included a single phase, two pole, split-phase
induction motor providing one-fourth horsepower and
was connected to a 120 volt, 60 hertz source.

In the operating test illustrated by FIG. 3, the main
winding current illustrated at 47 increased beyond the

maximum pick-up current of 12.9 amperes almost im-
mediately such as indicated at 48. The main winding
current 47 thereafter decreases in response to the In-

crease of rotor speed until reaching 10.8 amperes such
as at 49 which constitutes the minimum current drop-
out magnitude for the illustrated relay 8. When the
main winding current 47 decreases to the 10.8 amperes
as at 49, the relay 8 disconnects the starting winding 5
from the input lead 16 by opening the contacts 12 — 14
and 13 — 15. It 1s important to note that the starting
winding disconnects from the source lead 16 at the
rotor speed of 3,210 R.P.M. while the motor torque
output provides a highly desirable 18.3 §2.-ft. as indi-
cated at 50. Also of extreme importance, the test of the
motor illustrated in FIG. 3 experienced a locked rotor

starting winding heating rate, measured at 300°F., of

17.2°F. per second. Such a heating rate is well within
the tolerable heating limitations imposed particularly
upon motors utilized for compressor operations In
which hermetic sealing 1s required.

The test illustrated in FIG. 4 was upon a split-phase
induction motor containing main winding coils which
were similarly wound as coils 25 through 34 as de-
scribed above and connected to a current relay 8 as
described above. The motor used for the FIG. 4 test,
however, did not employ applicant’s invention but
rather was wound with four starting coils per pole so as
to be spaced in quadrature relationship with the coils of
the main winding. Specifically, the first coil of both
poles contamned 11 turns, the second coil 17 turns, the
third 28 turns and the fourth 41 turns. The same size
and type of wire was employed as in the motor tested in
FIG. 3. The starting winding effective resistance was
measured at 5.32 ohms.

In the operating test illustrated in FIG. 4, the main
winding current illustrated at 51 increases beyond the
maxtmum pick-up current of 12.9 amperes almost 1m-
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8

mediately such as indicated at 52. As the rotor started
to rotate and accelerate, the maimn winding current
decreased in response to the increasing speed of the
tested motor. When the main winding current 51 de-
creased to the 10.8, the minimum drop-out current of
the relay, as at 53 required for the current relay such as
at 8 to disconnect the starting windings such as §, the
motor speed has increased to an exceeding high 3,430
R.P.M. whereat the output torque had decreased to an
undesirably low 7.1 oz.-ft. as shown at 54 on the torque
curve 55. Of crucial importance, the locked rotor start-
ing winding heating rate, which was measured at
300°F., was an excessive 26.1°F. per second; far ex-
ceeding the desirable and acceptable heating rates for
such motors. As indicated previously, back windings or
reverse turns have been commonly utilized by the In-
dustry within the starting winding of motors, such as
tested in the FIG. 4 example, to reduce the excessive
heat buildup while additional forward turns, corre-
sponding to the reverse turns, have been utilized in the
starting to provide a sufficient field to interact with the
main winding field and provide the requisite torque at -
relay drop out.

A highly desirable resistance split-phase dynamoelec-
tric machine is thus provided in which the starting field
winding is selectively disconnected by a current relay
functioning to uniformly provide such disconnection at
a predetermined speed and torque level and at a prede-

termined mamn winding current within predetermined

starting winding temperature limitations without re-
quiring back windings within the starting windings and

which may be hermetically sealed and conveniently
used within a compressor system. While it is desirable
to completely eliminate all reverse or back turns, it
should be understood that the invention could be uti-
lized with some reverse or back turns constituting a
minimal number of turns as compared with many prior
art structures utilizing such back turns.

Various modes of carrying out the invention are con-
templated as being within the scope of the following
claims particularly pointing out and distinctly claiming

the subject matter which is regarded as the invention.
[ claim:

I. A single phase, two pole A.C. split-phase unidirec-
tional induction motor of the resistance split-phase
type comprising a source of single phase A.C. electrical
power, a stator core assembly having a plurality of
circumferentially spaced coil receiving slots communi-
cating with a substantially cylindrical bore, a rotor
assembly mounted within said cylindrical bore for se-
lective rotation in a first direction, a single main wind-
ing having a plurality of coils located within less than all
of said slots and spaced on opposite sides of said bore
with empty stator slots therebetween to form a single
pair of main winding electrical poles and a main field
axis, a single starting winding having a plurality of coils
located within less than all of said slots and correspond-
ingly spaced on opposite sides of said bore with slots
therebetween filled with said starting winding to form a
single pair of starting winding electrical poles and a
single starting field axis electrically spaced out of quad-
rature from said main field axis with a plurality of said
starting winding coils spaced from a plurality of said
main winding coils by less than ninety physical degrees
in the first direction for providing a predetermined
main winding current at a predetermined speed corre-
sponding to a predetermined torque, and current re-
sponsive switch means connected to said source and to
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said main winding and sensing the main winding cur- starting winding form said power source at said prede-

rent and inf:luding.. means 'select{vely connecting said termined speed for maintaining the heating of said
source to said starting winding, said switch means oper- -

ating to sense said predetermined main winding current starting winding within a predetermlngd temperature.
to operate said connecting means to disconnect said 3 I I A
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